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Conclusions: The present ﬁndings suggest that the FN-fs stimulate
a catabolic pathway primarily driven by iNOS expression and •NO
release, while mechanical loading acts to abrogate these effects and
initiate anabolic signals. Interestingly, co-stimulation with both dynamic
compression and the iNOS inhibitor were important in restoring the
fragment-induced inhibition of aggrecan and collagen type II expression
and production of cell proliferation and proteoglycan synthesis. Thus,
there could be a number of global pathways through which the fragments
may exert their catabolic actions and therefore necessitates further work
for the examination of both the FN-fs and mechanical loading on these
events. An elucidation of the signals activated by both mechanical and
molecular factors will help to identify biophysical and physiotherapeutic
strategies to treat osteoarthritis.
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Purpose: Clinically, varus alignment of the knee has been related to
increased odds of osteoarthritis progression. In an effort to understand
this relationship a varus loading device has been developed and applied
to the rabbit to study the effects of increased, chronic loading of the tibio-
femoral joint on synovial ﬂuid based biomarkers of cartilage metabolism.
We hypothesize that load-induced alteration of cartilage metabolism may
be an early event in the initiation of cartilage degeneration.
Methods: Twenty-eight, skeletally-mature, female, New Zealand White
rabbits were randomized into one of three experimentally-loaded groups
and a fourth unoperated control group. A mechanical loading device was
skeletally ﬁxed to the hindlimb of animals in the loaded groups (Figs. 1, 2).
Figure 1. Schematic of the varus-loading device applied to an animal
hind limb: lateral view (A) and anterior view (B). T =Torque setting
of the spring, D= intercompartmental moment arm, L1=moment arm,
L2=moment arm, and DP=change in contact load.
Figure 2.
Engaging the device applied a varus moment to the distal tibia and
resulted in an additional load of 0, 22 or 44% body weight (BW) to
the medial compartment of the tibiofemoral joint throughout full range
of motion. Animal activity level and gait appeared unaffected by applied
loading. Altered loading was applied 12 hr/day, 5 days/week, for 12 weeks.
Serum and synovial ﬂuid lavage samples from the experimentally loaded
and contralateral legs were collected at the time of euthanasia. Commer-
cial assays were used to measure: C-propeptide of Type II procollagen
(CPII): a measure of type II collagen synthesis; COL2 34 CLongmono epitope
(C2C): a measure of cleavage of type II collagen by collagenase; and
chondroitin sulphate 846 epitope (CS 846): a marker of aggrecan turnover
(IBEX Pharmaceuticals Inc., Montreal, QC). Synovial ﬂuid samples were
analyzed in triplicate. Urea concentration of serum and synovial ﬂuid
lavage was measured and used to correct for the dilution of the synovial
ﬂuid introduced during the lavage procedure.
Analysis of variance was used to compare outcome measures across
experimental groups (Control, 0% BW-Sham, 22% BW, and 44% BW).
Pairwise comparisons among the four treatment conditions were per-
formed using Fisher’s LSD procedure.
Results: Biochemical analysis of synovial ﬂuid lavage revealed treatment
related differences in CS-846 measures between experimental groups
(Table 1, p = 0.02). Mean ratio values of CS-846 concentration in the
experimental/contralateral leg were signiﬁcantly greater in the 44% BW
group compared to the 0% BW group (p = 0.01). Mean ratio values for
CS-846 showed a direct linear relationship with values increasing with
increased magnitude of applied load; 0% BW (0.77), 22% BW (1.02),
and 44% BW (1.41). No signiﬁcant treatment related differences were
found among groups for measures of C2C or CPII.
Table 1: Mean Experimental/Contralateral Ratio Values for Synovial Fluid Biomarkers
Control 0% BW 22% BW 44% BW p-value
CS-846 0.72 (0.03) 0.77 (0.07) 1.02 (0.36) 1.41 (0.11) 0.02
C2C 0.94 (0.03) 1.06 (0.12) 1.09 (0.05) 1.01 (0.03) 0.69
CPII 1.03 (0.01) 0.97 (0.01) 1.11 (0.04) 1.00 (0.01) 0.21
values presented as mean (standard error of the mean).
Conclusions: This work demonstrated that increased contact stresses
applied to the articular cartilage of the tibio-femoral joint initially produce
increased aggrecan turnover as measured by the CS-846 assay. Articular
cartilage appears to respond to increased loading by increasing turnover
of aggrecan while no signiﬁcant change in type II collagen synthesis
(CPII) or cleavage (C2C) was observed during the 12-week experimental
period. This may reﬂect the operation of an underlying mechanism in
which increased aggrecan is produced to increase the Donnan osmotic
pressure thus maintaining appropriate water concentration within the
cartilage to support the increased applied contact stress.
453 COMPARING PHYSICAL PROPERTIES OF OSTEOARTHRITIC
AND NECROTIC HUMAN HYALINE CARTILAGE
G. Soha´r, Z. Aigner, P. Szabo´-Re´ve´sz, K. To´th. University of Szeged,
Szeged, HUNGARY
Purpose: The main purpose of this study was to further characterize
and compare the altered metabolism in human degenerated cartilage that
promotes disease progression. in stage IV osteoarthritis and avascular
necrosis by thermal analysis. Since, water content has not been mea-
sured, further aim of this investigation was to elucidate the importance
of water content, and to establish the kinetic character of water loss
effect of heating by thermogravimetric analysis. During recent years,
knowledge of the nature and pathogenesis of degenerative joint diseases
has increased. A limited number of papers have been published before on
the subject of thermal analysis of human hyaline cartilage. Thermoana-
lytical techniques measure the change in physical or chemical properties
of the sample as a function of temperature. There are many possible
applications of thermoanalytical techniques: characterizations of active
and inactive ingredients, routine analysis, and qualitative control.
Methods: The thermal properties of samples were determined by dif-
ferential scanning calorimetry and thermogravimetry. During arthroplasty
procedures performed at the University of Szeged, degenerative human
hyaline cartilage was obtained from 19 osteoarthritic and 22 necrotic
hip. All samples that were extracted for this study were obtained during
live surgeries. A new protocol had to be established before the detailed
investigation could be performed. All tissues were yielded in accordance
to legal regulation, international ethical concerns, and patients’ consent.
Results: It was found, that the total water content of osteoarthritic
cartilage is 86.50%, 50.85 kJ/M energy was needed to remove the ex-
tracellular water content. Total water content of the necrotic samples
was 63.47%, and 45.03 kJ/M energy was used for the removal of the
ﬂuid content. In case of the osteoarthritic hyaline cartilage 1.6%/ºC mass
loss was detected. In the necrotic samples 1.1%/ºC mass reduction was
measured.
The enthalpy change of the process initiated by the temperature
change showed marked difference between the pathological groups.
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Greater change in the enthalpy was observed in osteoarthritic cartilage:
−1414.78 J/g compared to 1357.70 J/g in avascular necrosis. Conse-
quently these samples required larger amount of energy for decomposi-
tion. Statistical tests proved these calculations to be signiﬁcant (p< 0.05).
All samples showed a clear denaturation peak on the calorimetric curve.
Conclusions: This study clariﬁes the previously reported thermoana-
lytical results, with acquiring normal cartilage from live surgery, thus
providing similar sample environment. The use of DSC as part of thermal
analysis was a reliable method for differentiating osteoarthritic hyaline
cartilage from necrotic samples. All samples showed a clear denaturation
peak on the calorimetric curve, therefore volume of the curve was easily
calculated giving the enthalpy change of the sample. These changes
correlated with the water content of the samples. The calorimeter that
was available for use proved to be adequate for these measurements.
The use of thermal analysis could be a simple and effective method for
differentiating between pathological disease progression.
The relationship between the different pathomorphologic inﬂuences, and
the role extracellular matrix homeostasis will be necessary to reveal
potential targets of therapy. While there is rapid progress in understanding
the complexities of joint diseases a simple basic research technique like
thermal analysis can be an effective method for controlling the relationship
between biomarkers and disease progression.
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Purpose: There is a lack of data relating clinical assessment of cartilage
to its ultrasound properties. The purpose of this study was to evaluate
degenerated and healthy-looking cartilage in patello-femoral joint (PF)
using a 10-MHz high-frequency ultrasound system (Fig. 1).
Figure 1. (A) 10-MHz high-frequency ultrasound system; (B) ultrasound
raw waves (bottom) and their wavelet transform (top).
Figure 2. Five sites measured using an ultrasound system. Site 1, lateral
surface (superior) of patellar groove; site 2, lateral surface (inferior) of PF;
site 5, center of PF; site 6, medial surface of PF; site 8, patella cartilage.
Methods: To evaluate articular cartilage in PF, ultrasound parameters
of signal intensity (a measure of superﬁcial cartilage integrity), signal
duration (a parameter related to the surface irregularity) and interval
between signals (a parameter related to thickness) of cartilage of patellar
groove and patella were measured during the surgery of total knee arthro-
plasty. The parameters of 35 knees diagnosed as severe varus knee
osteoarthritis were measured; 555 points were measured and classiﬁed
according to ﬁve sites: site-1, lateral surface (superior) of patellar groove;
site-2, lateral surface (inferior) of PF; site-5, center of PF; site-6, medial
surface of PF; site-8, patella cartilage (Fig. 2). The 555 points were also
evaluated macroscopically according to the International Cartilage Repair
Society grading system.
Results: Grade-0 cartilage comprised 36%, 40%, 6%, 7% and 4% of
all grades of cartilage at sites-1, -2, -5, -6 and -8, respectively (Fig. 3).
Grade-0 cartilage had a signiﬁcantly greater signal intensity than grade-1,
-2 or -3 cartilage (Fig. 4). The signal intensity of grade-1 cartilage was
44% of that of grade-0 cartilage. The signal intensity of grade-0 cartilage
was lower at site-5 than the site-1 (Fig. 5). No signiﬁcant difference was
observed in the signal duration (Fig. 5). The interval between signals of
grade-1 cartilage was greater than that of grade-0 cartilage (Fig. 4). The
interval between signals of grade-0 cartilage was greater at site-8 than
the other sites (Fig. 5).
Figure 3. Percentage of each cartilage of International Cartilage Repair
Society grade in each site.
